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A.. PHASE DISTRIBUTION MEASUREMENT RESULT/CONTROL 
SIGNAL 

calculates the position of the center of gravity of the spots on the basis of information on 



(57) Abstract: A phase distribution 
measuring instrument comprises a 
compound-eye lens (30) composed 
of condenser lenses (32) arranged in a 
matrix on a plane, a CMOS sensor (10) 
disposed parallel to the compound-eye 
lens (30) and having a light-receiving 
surface spaced from the compound-eye 
lens (30) by the focal length of the 
condenser lenses (32), and a phase 
calculator (20). A center position 
calculating section (243) calculates 
the center position of the spot (focal 
point) of the focused image on the 
light-emitting surface by comparing 
the luminance of a pixel with that of 
an adjacent pixel. A center-of-gravity 
information processing section (245) 
calculates the zero-order moment 
(the total of spot luminances in a 
center-of-gravity calculation area) of 
the luminances in the center-of-gravity 
calculation area the center of which 
agrees with the spot center position, 
the x-direction first-order moment 
thereof, and the y-direction first-order 
moment thereof. A center-of-gravity 
position calculating section (261) 
the center-of-gravity. 
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[0001] #3&um> {mftttnmmmRmm&^mjjmmirz>-b<D 

5 T?fo5„ 

[ooo2] ft&<D&ftftmttmmmRmtLfafrmfrm#fex*n, n^m^ 

io [ooo3] b^Lftri* fe&cD&mft^mmmfcn, < -rti 

[0004] x% ±mr$M*M®:-t- 5 fc & £ ntc i> 

[0 0 0 5] ±IBB^jSr^i-5fcie)^ N ;*:^B;!<7M£fB:£^th«'J=£g«\ . 

25 fcr ts:#m^-r5a 

[000 6] *'fr&g$?ffi3^te:<fc y%M&frtcm&<P>btiLmzm<3%m>b& 
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[0007] *2£w<DtiLteftif;ftmmwte, ismnmmmtK «&*'£H&g& 
[ooo8] M&mmM-m^&fcx v mm^^mmmm^m^ x ? \^m>^ 

io [0 0 0 9] *&W<D{tLm$rlfift-mmWte, ^'N&Kl^lil^a^ mj&y*-? 

[ooio] nm^—^<o^^nm^^(owmm^^h(o(om^^^ 
15 xmwfrte£tiz>e>x% f ti^^^^itts i: t ^fx^ii $ 

[ooii] ^^teis^fi-M^©^ {£*BHttm@^> ^tftm^n 

&^z^m4k&m^m&Mfcffittzbt>m&x*ib5o 

[0 0 13] ##9!©tete#*a-S13£«Wu ttlllilgld^ m'frifc#fiH*fcfc: 
ZZbimmx&Zo 
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[0 0 14] t 5 — * 1/ W 

Bass, mi^tcMos-feyti o&tmfifffiii2 o©*«w«^Htf 

H4tt, CMOS-feyfi oo|Ei^lil-efe5 0 

H 5 r±> El 4 ^^i-^5>iass 220 ©#aB*jfc&^i-iiB&ig , T?;fc5o 

10 @6f±, 5p*£flS$M&&2 4 2£>Hlj8&II|-?fc5o 

i7fi, 4 3 'Wig#l±i$iS2 4 3©lE!*&E|-Cfc*o 

3fTi: bfc 0 )o 

|U 9 »± N fiifrffif 2 4 5 <7>[HIS§I11T?$?2) (Mi: UT. 3x 
15 3fTtbfc 0 )o 

HI1 lAfi, /UtifiP W 0«iJSr^t@^$)5. 131 lBte. Ell 1A(7> 

Ell 3d #^3te^VX^mt-5*^^^^@^$ttf^tB^tfi!l^e 

25 [ooi5] £JLTs wmmrn ut, ##9j©(sctt#*3H»i3ass i 
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[0016] £-r> im&iBtirmmw. 1 (om^mm-r^o m 1 r±. ^ts^ 

3fcffii 1 fco-CfcSRI^Sr^-rBI-TffcSo 0 3 11, 0l^fCMOStvfl 0 
S.Wffi^ttl^e 2 0 ©«t&«j#ffcH-C*>3o El l l-^-T J: 5 fc> 
5 Hilt m^^^B 0, CMOStyfl 0 N BtMii2 4W3Vt° 

» — * 2 5«Hfc;ttV>3 0 WR^XS OMu ^S&ff 2 0 mm<DM%l V ^X 3 

[0 0 17] 0 3 &£7jM-<fc 5 ^ CMOStyflOtt, ftm^&gp (CMO 
10 S) 12 OflWMJ y mzMfo 1 (n 1 #!<£3fc®^ifcg|S 1 2 

OT't^^SCMOSTK 1 10^n 2fjW!!$;ft-CV^o).&.T^CMC> S 
7W1 1 0tmt5A/DW2 10^n 2 frIB?!l £*Lfcf& ^111$ 1 2 
SHUfcTV^. #A/Dgjfc»2 1 Ott, it*IlaSl 3Rt5A/D3E««Pl 4tJl«fc 
«3«fft&;h/r:i8*K ^ffi^m§l5 1 2 0©W^3SrJte$-e:^:Jt4 tf* h (1 6|@99) 
15 (Dr^^^f-^(«t5o IH2^i-<t5^. CMOStyflOlt 

®i ltfsmHK 1*^X3 o ^It}^^ MijtwyX3 2 £>£^tfs§:3fc® i 
[0018] @4it CMOStyfl oo[aissig-efc6„ @5te N m 4^ 

i-^IU8§2 2 0O#^«^^i-HI!^lllT*fe?) 0 miRUS £#RgbT> CM 
20 OSir^lM 0©HIK#fifeSrlttM"t-S.Bl4^"t-J: 5^N*«as*«fPl 2 0 W\ 

ft-^Vi ( i = 1 ~n 1) |^CT7t h^V^ — Kl 3 0 frfc^r&tti 
7Ji~5MOSFET 1 4 0 Sr lEt UT#^$HTV^S 0 
[0019] If-^JSgP 1 2 CA/DW 210j(j=l~n2) II ft 
25 -^7^72 2 lj Cj =l~n 2) Sr&tf8f#IUgg 2 2 Oj ( j = l~n 2) fc, 

J=kf^lHlS§2 3 Oj ( j =l~n 2) ftM«i2 4 0j (j=l-n2) 
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[0 0 2 0] ^ft\B\& 2 2 0 tts CMOS7W 1 1 OA^bOWMf 

^2 2 l©A^3«^}J:-^©® 5 ii$^ tti^^^{WO^^$^fc-5T 
5 ^&*g|5 2 2 2 £ N ^-Y— i?T^2 2 1 ©A^^t" #<E>«&aS8a»£ tb, tti 

ip, ^igsS2 2 o©m &m&W}ft&%}V)WZ-z>X'( 2 3 

[0 0 2 1] "T^ftlflS 2 2 2 te, ft^T^2 2 10AM^M© 

*?T^2 2 l©ai^W©^(«$^ ^4^|f-^Cll~C14 J^CXIB 
^lff^SWll~SW14 ir^#§{t^Cl~C4 -y^m^SWU 
-SW14 ©BBUi— ^(Dia^&mm&fr. W^gnd w<A-£:g^£*i/t, 
^4Jg^f#C21~C24 y^*^SW21~SW24 
15 l9«JE&£;ft-CV^ 0 ft*3 % ^fi^Cl~C4<Dm^SCl~C4fi > 

Cl= 2 C2= 4 C3= 8 C4 
C0=C1+C2+C3+C4 

OM#%#lf--t-o CO nffift®$&2 2 0 T^S i: 1 5f ^t^ftT'fc 

9, ftm^&s&i 2 o^fnm#*^Qo. s^mff^rVREp^i-^i, 

20 C0=Q0/V REF 

[0 0 2 2] JttfelUS&2 3 Oft, ^Ih1S§2 2 0 tf> b £ *Wta5Mf "5§- Vs 
Ofi, it^^rlf-^Vc <D»^^IU^2 2 Ort<D"I^»lH5 2 2 2 KLiifcJ-T 
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[0 0 2 3] ^fc, CMOSt^t 1 0 ftWM&U 1 2 0 RtMf -5BQ;3Sg|S 

i 2 \z.W}fc?j s: i/f^mt^mt-tz # ^ ^ ^y®mn 300 m 3 ^ 
(i = i~ni) &m$L-rz>mw.i<'7 h^z?** 3 2 0 £ N y-fe^bJi^t-^R 

Sr^-r§©JWf#§P3 4 0 fcteJ: 9#lj££;ftTV^ 0 
[0 0 2 4] U±<D£ 5 &#lj&^ff 1 2!i^CMOS7K llOi 

Klftii&tfy h (MSB) «fc 9 W^feiH, mtjZtlX < Sfv'^/Wfftt^ 1 Hlf!t£-<Z> 

[0 0 2 5] IS 3 9 . S^^aiStt 2 4 t , nyt 0 a -^2 5 0it^f 
^*T«fcSy ? -^^l*/ / ^$i5 2 6 ^mPJ-T6 0 HHMiggia 2 4&t>*T ? -* 
^/^$P2 6tfS. CMOSiryfl 0 (DfcfcJ^g^V^TmBg W^X 3 0 
ltUfc^^i^^^»ffi-t-6{M^!±S^®2 O^r^-r^o 

[0 0 2 6] M^S^g 2 4 te, £gfigf&fll*»fff £ LT^^-i^tM 2 
4 i % 2 4 2, ^^i«#mgP 2 4 3, W^ffi^#ttilH5 2 4 4&T>* 

l^it*»2 4 5lrIt5o H?Sf-^TO2 4 1tt, CMOStyfl 

[oo27] ^mfc&mi® 242it ^g^-^^m^ 241 t>mm ufc^ 
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[00 28] tp>b&LW&mt® 24 3lt *R|Hk3axfc? f S**/l'lMM* *fc*5lt 
Sm^rot^t^ftlltSilllrttS, 0 7 ft, f ^K^fflSP 24 3WH1 

5<, •er^W^Lb^fc^— *£>5^>s 3 x 3M^<^-^— ^WtT, ^^(Dt*— 

<D&wu,y)&£v t mmm a(x, y ) ^ta^-t-So 
[oo29] m&mm&mn 244it (®ntfc) &&m~tz>m 

10 #fg*££r3x3fr t bfc 0 ) 0 3tf^^^-^^^^T^^^btbrc3 x 3Mi© 

[oo3o] m>L^mxm%$ 2 4 5 ^^sn (Bit) ^s-^tm 
15 s 0 rtDft^iim^tes o^s^-^^h cm^^ii^^tf 51?^^ 

(Di&mm^—p'-^h) &^tiz> 0 Ei9^ m^'it#^siH5 2 4 5 (Dtus&iiiT' 

(ii It, fi^^^Sr3x3^T^ Lfc 0 ) 0 3^7-^^5/771- 
20 ^X.btLfc3 x 3®fft<D7*— ^i^fC, x^IrJOI^S^-— ^ ^ b> y 

[0 0 3 1] y*-*Wm/m7Fn 2 6 te. S^gHtM 261, ^#{±i§P 
2 6 2&T>WpS1&13S£P2 6 3 ^fi5 0 m^ig^m$P2 6 1 B\ fi^tim^g 

25 [0 0 3 2] tiLmnfcUZ 6 2 fi N ^-^<Z>m^{ig(Dm'i>^{ig 
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[0033] mmtimn 2 6 3 «u % m £ *tfd$:*Bx ~ * &*tra-t- s r. t «t 
[0034] -fi+B^n-M^g 1 (Dmw^mm-r^o flrmm& 1 — ■ 

^©Sfttii^CSo ^©iWt^CMOStytl Ofcl^fc£frfc_L N $m%tim 
*2 Ote^—^flHfflSitS. UllOfi. CMOStyfl 0^.m4+S^tti^g2 

tlircMostyfi o;&m£*Bl£m^ff 2 o©»f^SrttWi-So 
[0035] £i\ cMos-tyfi o^Bi i±w^f ^Stsri 

H±oT17W^oaHfe*t5 (S 5 0 2) 0 |^IB#{^ W^x-^UfcUSB 2 4 1 

CMOStyflO^bffiTJ^^BiOiSlS (4 If y h^v^/Mf 
Sr^ff • HUT 1 7 V-A©f^^^Hft1tf P (n) (n:7WAff) £: b 
Tl^tS (S504), Ell lAfc9*^/l^Pi«HimP(n)0«^ 131 1B^ 
^>^^fe7C0<lr^i-o 
[0 0 3 6] spm-fli^aiFP 242^, 7*v ? ^/l'iltf£*l#$& P (n) 0>¥?frfb8Mffi«:fT 

5 (s 5 o 6) 0 jyfcift^te. &mm(Dn&b±rFtEt;(Dmm<Dmmb(DMW¥-%} 

d ne w(x,y)= C d(x-l,y) + d(x,y-l) + d(x+l,y) + d(x,y+l) + 4d(x,y) ]/8; 
d(x,y)= d nOT (x, y) ; 

d nOT (x,y)= [ d(x-l,y) + d(x,y-l) + d(x+l,y) + d(x,y+l) + 4d(x,y) ]/8; 
d(x,y)= dne.Cx.y) ; 

a \*mm<on&, (x, y ) n$t%m 1 1 xr±^s** awmmrp (n) fc&tt 5 

[0 0 3 7] * fc^^-ffc^SSR 2 4 2 f4 % spflHb&JSdSlfc £ Ilfc7 v 5 * /^W^ 
IMRPW^b^^lSJWK&TClWT*-- ^IfBiJ^-rS (S 5 0 8) 0 
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[oo38] f iL^b^w§b 24 3(t wmmmtm£fiit7 s i?*A'W#Lte 

5 mP(ri)fc&tf%&M&<D^>bfomRX$^<DH&*M&irZ> (S 5 1 0). 
k=0; 

10 for (x=0; x<X ^-[rJ®*^ ; x++) [ 
for(y=0; y<Y JjfiMMWi ; y++) [ 

if( ((d(x,y)>d(x-l,y)) & ((d(x,y)>d(x,y-l)) & ((d(x, y)>d(x+l, y)) & 
((d(x,y)>d(x,y+l)) )[ 

P (n, k) [d] =d (x, y) ; p (n, k) [x] =x ; p (n, k) [y] =y ; k=k+l ; ] ) ) 
15 ft*3 N p(n,k)[d]tt£ n 7WA©f k « g <DM&*P to#«te*5 

p(n, k) [x] r±IS n 7 k # g ©»jR4 , '£Hfc*© xilSr, p(n, k) [y] 

n 7 I/- A©i k S I oWfitf © y I^%*t. 
[0 0 3 9] H«Ilti?li2 4 4tfS N SrUffi-TS (S 

5 1 2) 0 JUMSfctt, m&^fotiLm&Qfok't (2hx2 

20 h) \c&^xmj£<ommth &mjLz>nm<Dmmwc**v^h'i-z><, M&mm&& 

p(n, k) [s]=0; 

for (xx= x -h ; xx<x+h ; xx++) [ 
for (yy=y-h ; yy<y+h ; yy++) [ 
25 if( d(x,y)>th ) [ 

p(n,k)[s] = p(n,k)[s]+l;]]] 
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[0040] s^-if m&wM 2 4 5 &mmz.^^xMMMffi&m& 244 

\,ZX<>X&m£tlfrnJ&ffimzj&Ct£±%&<DmfomWni& (2rx2r) 
ffil-^o T(Dm*. 0!Jxf^4 (r - 1) 2 ^^ffi^^4 r 2 *r»fci-«fc 9 ^S*^ 

[0041] * ^m'Cf it ««yssp 2 4 5 r±s m>bm^mm^ rt 5 m^if # (# 

I|I©0^^-^1> p(n,k)[sum], x # [pj <Z> 1 * — * V h 

p(n,k)[x_sum]S.tJ«y^©l^»^— P (n, k) [y_sum] ) Sr^ttib (S5 
16, S 5 1 8, S 5 2 0), it©7-^fi/»2 6 -m^lf^Sr^i- 

5 (S 5 2 2) 0 m^iffft^ffioT^^y xa^w, 

p (n, k) [sum] =0 ; p (n, k) [x_sum] =0 ; p (n, k) [y_sura] =0 ; 
for (xx= x -r ; xx<x+r ; xx++) [ 
for(yy=y-r; yy<y+r; yy++) [ 
p(n, k) [sum] = p(n,k)[sum] + d(xx, yy); 
p (n, k) [x_sum] = p (n, k) [x_sum] + xx* d(xx, yy); 
p(n,k) [y_sum] = p (n, k) [y_sum] + yy* d(xx, yy);]] 
[0 0 4 2] ^lOHttoSSf 2 0 iD^Kj:, K**THI&fc: J; V ftfr 

# S^'M * t LTF P G A (Field Programmable Gate Array) ft £ 

-^mttJioX^^o HDL K*>*TffiiETO) SrfflV^i^T-y 

&CMOSTW 2 1 0^Ml^-rSA / /D^m^2 1 0 V TAs-'*? WH& 
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«2 0 fc^—K?*TflSlJ:J; 5 l kHz ^/KDS55tJ55:^j$*Sr^T?#S. 
[0 0 4 3] ^fc, *tftt/*?j**B2 e^ffi^&tbST*— *t*S'MfcsftR 

^©i©«F»t7*-^-e*»5©^ t*— 2 e^tos-fST 5 — ^ 

Mi^^t5^i^t5. 1 2 8x1 2 8®^03fem^m§Pl 2 0& 

5 f£oi? VifT*#X.fc»^. ®4fe?*— ffl#Lfc#<£tett % 12 8x12 
8x8bit=l 6Kbyte ©iifi 7 s — PAt JfcS# N f-^MT'tfcSIf-^M 
K^tlHRj&if^JBfflrT*— l»jfe*>fc 6 4bit=8byte 

If^Sfeofcm-a-^ ^It8 0 Obyte Oiiffx— (MlfefctttSE LTll 2 0 # 

io ©i) tffiL-cffl^ts^ i^pxtg^^§ o -<D}^mmn. ft^m&mv&yt 

[oo44] i.5tgiwa 26i[t m<btiimKm<5^T&m&<om>bGLm 
&M.m-$~z> (S 5 2 4) 0 fi^®#m<DT^=fy x^^^t^to 

( x ;£6l©**j&fi'£H&tt) P* = P (n, k) [x_sum] / p(n, k) [sura] ; 
15 (y^fa<DMM.M>bi1tWi) P y = P (n, k) [y_sum] / p(n, k) [sum] ; 

[0045] u±(Dm-w^hM>t^m^^^^^^^^^^ti!)^m^ts: 

[0 0 4 6] J£*@^tit|g& 2 6 2 fi. 4M*J&<0fi'CM3fc«fc£<5V'»T x ■%fa<DQm 
20 w.RtfylfrlRlOtitfB w y ?:^l±Si-5 (S 5 2 6), filBf ffl©7^=?y XA^ir 

(x#ft©{fc*B) w x = (p^-pj / f 
(y^|pJ^{i*B) w y = ( Py - Py0 ) / f 

j&*5. (p,o,p y0 )«fi^g©^snit aiffi^-rn^^v^-a-^^^fi'MB) 

25 Sr^U f ttft*W^X3 2 ©l^iiSr^t. 

[0047] ffimttmn 2 6 3 s 5 2 6 -e#e>nfeffi*Boii*7*— * 
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rai/r^ ommt'T— f&wm-rz (s 5 2 8) 0 i-ft*>*> N 4^1/^x3 2^ 

■hZ>-7xiy? U, y )(DtiLm (w x , w y ) £ -^(Djgia^n y * <om.fr ^0*^^ 
*ligtfc©(x',y')<P#tfB (w' x ,w' y ) ft. -^^^M^fh^^J; 5 

w' x=w Jt0 + (w xl -w x0 ) * (x' -x 0 ) / (x^Xo) 
w' y =w y0 + (w yl -w y0 ) * (y' -y 0 ) / (y^y,) 
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